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SOLAR CYCLE VARIATION OF EPHEMERAL REGIONS

Karen L. Harvey
t t

Solar Physics Research Corporation, Tucson, AZ, USA

Abstract: Ephemeral active regions (ER) have been identified and counted for selected
periods from 1970 to mid-1984 using the daily, full-disk photospheric magnetograms tak-
en by the National Solar Observatory. The number of ephemeral regions varies nearly
in phase with the solar cycle. Nt solar minimum, ER are distributed almost uniformly in
latitude; by solar maximum, ,eaks in the latitude distribution are observed in the sun-
spot zones and in higher latitude bands. In the quiet sun, 37% of the fie I X 10830 'dark
points', used as a proxy for X-ray bright points (XBP), are associated with ER; 63rc"
overlie bipoles that appear to be the chance encounter of opposite polarity network.
The percentages are somewhat different in coronal holes; 23% of the dark points in le I
are associated with ephemeral regions and 77% with bipoles that apparently result from
chance encounters of flux. The dark points observed in the quiet sun and in coronal
holes, vary anti-correlated with the solar cycle. A relation is suggested between parame-
ters of the high speed solar wind streams ansociated with coronal holes and the coronal
hole areal density of lie I dark points for the entire data sample and with ephemeral re-
gions in coronal holes during the few year period around sunspot minimum.

This study suggests that (1) ephemeral regions are not small active regions and that
they may be primarily a surface phenomena, possibly resulting from convection interact-
ing with sub-photospheric fields, (2) Ile I 'dark points', and therefore, XBP, are more
often associated with the encounter tf existing opposite polarity network flux, the
occurrence of which is related to the amount of mixed polarity areas which varies
inversely with the solar cycle, and (3) there is some correlation of the areal density of
dark points and ephemeral regions with parameters of the high speed solar wind streams
associated with coronal holes. This relation appear to be a function of the solar cycle.

1. Introduction

Ephemeral regions (ER) are small scale bipolar regions of characteristic size of 104 kin,
an average total magnetic flux of 3,3x10 t9 Mx and lifetimes <1 day. Based on magnetic
field data from 1970 to 1975, previous studies (Harvey et at., 1975; Harvey and Harvey,
1970; Martin and Harvey, 1979) indicate that hundreds of ER emerge on the Sun per
day and that the number of ER varies nearly in phase with the solar cycle. Ephemeral
regions also have been identified with soft X-ray and EUV bright points (Golub et at.,
1974, 1977), bright coronal structures having about the same size, lifetime, latitude dis-
tribution and behavior as ER. The variation of the coronal bright points, however, is
1800 out of phase with the solar cycle (Davis et at., 1977; Golub et al., 1979; Golub,
1980; Davis, 1983).

In the study presented in this report, the global properties of ephemeral regions
over the solar cycle and their association with He I X10830 dark points (that correspond
to X-ray/EUV bright points) have been re-examined using a data set covering almost the
entire current solar cycle.
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2. Data

The data used are the daily full disk observations of the longitudinal photospheric fields
(Fe I X8688) and He I X10830 spectroheliograms taken by the National Solar Observa-
tory. Magnetograms have been obtained since 1970 but only on a systematic basis since
1973. From 1970-1973 these data were taken with a 40-channel magnetograph (Livings-
ton et al., 1971) using the main image at the McMath Telescope; spatial resolution of
these data is 2.5 arc-sec. Subsequent magnetic field observations and the lie I spec-
troheliograms with spatial resolution of 1 arc-sec. were obtained using the 512-channel
magnetograph (Livingston el al., 1976) at the Vacuum Telescope located on Kitt Peak.

For each year from 1970 through 1984, three to five 7 to 20 day periods of continu-
ous good quality observations were selected for analysis. Ephemeral regions were
identified by an overlay of two successive daily magnetograms and an assessment of the
probability of small-scale bipolar structures being a new region or the 'chance' encounter
of existing opposite polarity network elements. An example is shown in Figure 1 for a
section of the full disk magnetograms on 9 and 10 August 1978. The boxes indicate the
identifications on 10 August of newly emerged bipoles (that are not observed on the pre-
vious day and could not be explained by the migration of existing magnetic flux): the
arrowheads designate the locations of 'chance' encounters of opposite polarity ntwork
(i.e., bipoles that might be explained by the migration and encounter of flux existing on
the previous day). For two of the selected periods each year, the positions and lifetimes
of identified ER were measured. From the ER positions, a visibility function, i.e., how
well new ER can be detected as a function of distance from the Sun's center, was empiri-
cally determined assuming that (1) the number of ER within 250 of the equator are dis-
tributed uniformly in longitude, and (2) the visibility function could be expressed as
cos n 0. This function was used to correct the counts of ephemeral regions and their spa-
tial distributions. Errors in the counts and positional distributions were estimated by
dividing the data into two subsets.

3. Global Properties of Ephemeral Regions

3.1. SOLAR CYCLE VARIATION

lhe number of ephemeral regions observed on the Sun at any given time from 1970 to
1981 is shown in Figure 2. Their temporal variation has been compared in Figure 2a
with the sunspot numbers (R ), determined for the same intervals for which ER counts

were made and in Figure 2b with the Sun's total magnetic flux, determined from the
daily NSO magnetograms. The graph shows that the number of ER varies nearly in
phase with the solar cycle, confirming our earlier results (Martin and Harvey, 1979). A
minimum in ephemeral region counts occurred in early 1975 more than onc year before
sun-,pot minimum, again consistent with previous results (Martin and Harvey, 1979).
The ER minimum, however, does occur at the time of a minimum in the Sun's total
magnetic flux (Figure 2b). From minimum (1975) to maximum (1979-81) the number of
ER doubled. In comparison, the total flux on the Sun increased by a factor of 3.5 (J..
Harvey, private communication) and sunspot numbers increased by a factor of 38.

The total number of ephemeral regions that emerged during the period covered by
this analysis can be estimated by integrating under the time variation curve of .V'
shown. Assuming the average ER lifetime is 12 hours, the total number of ER that have
emerged from 197,3-198.1 (equivalent to one solar cycle) is 4.5x10 6 ; if the average lifetime-
is 18 hours (the e-folding time based on the lifetime distribution discussed in .- 3), the
total number of ER is 3.0x106. Tang et al. (1984) find that the integral number of active
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regions of a given size and larger decreases exponentially with increasing region size (Fig-
ure 3). If ER are small active regions, their results suggest there should be -2x 103 ER.
this is a factor of 1.5-2.3x10 3 less than is estimated on the basis of the observed number
of ER. .

3.2. LATITUDE DISTRIBUTION

The distribution of ER in latitude shows that these regions occur over the entire surface
of the Sun and that their distribution changes with the development of the solar activity
cycle. In Figure 4, the distribution of observed ER has been plotted for three phases of
the solar cycle. A uniform distribution determined by applying the visibility function to
the average ER count between ±.1 sine latitude also has been plotted. During sunspot
minimum (1975-76), ephemeral regions appear to be almost uniformly distributed in lati-
tude. By 1979-1980, their latitude variation shows an increase in the sunspot zones and
in the latitude belts centered around ±30 0 and ±50 °. As the cycle declines, there is a .
trend toward a more uniform distribution by 1983-84 with the peaks at solar maximum .
still evident but of smaller magnitude.

3.3. LIFETIMES OF ER

The lifetime distribution for ephemeral regions, shown in Table I, was determined by the
number of sequential magnetograms on which an ER was detected. Ephemeral regions p
seen on only one magnetogram have a lifetime of less than 2 days and seen on two mag-
netograms a lifetime of 1-3 days, etc.

Table I

Lifetime Distribution of Ephemeral Regions

* of Ephemeral Regions
Year 1 mg 2 mgs 3 mgs 4 mgs 5 migs 6 mgs Total ER
1975 67.3 24.6 5.7 2.2 0.3 0.0 761
1976 83.4 12.4 3.6 0.6 0.0 0.0 884
1977 78.8 15.2 5.1 0.7 0.0 0.2 1043
1979 70.6 18.8 8.2 0.9 1.2 0.4 1652
1980 70.4 19.9 5.9 3.2 0.5 0.1 1460
1981 73.2 18.4 5.9 2.2 0.3 0.1 1614
1983-4 70.2 23.8 4.6 0.9 0.5 0.0 1,121

1975-84 73.4 19.0 5.6 1.5 0.4 0.1 8835
Lifetime** >0-<2 1-<3 2-<4 3-<5 4-<6 5-<7
(days) ,__-__

• number of magnetograms
**range in lifetime

The decay of the population of ER for the data sample from 1975-1984 follows the
exponential curve N = A x e' t / r , where N is the number of ER, A=274.3 ±5.7, t is the
lifetime in days and r=0.76 ±0.01. The correlation coefficient between the number of
ER and their lifetime is 0.9998.

. ....
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4. Association of ER with He I X10830 'Dark Points'

Other than during the Skylab period (1973), no time sequence imaging of the Sun in solt
X-rays has been available to study simultaneously uhe evolution of XBP and ER. A pos-
sible avenue to study this problem in lieu of soft X-ray images of the Sun is suggested by
the results of Harvey et al. (1975). They found that X-ray bright points (XBIP)
correspond to similar sized but dark structures in He I D3 and in He I X10830. The
'dark points' observed in He I X10830 are thought to result from the EU V/X-ray emis-
sion (X<500 X) in the corona (curonal bright point) exciting the underlying chromos-
pheric He I. This observed correlation provides a tool to consider the association of ER
with XBP both as a function the solar cycle and their evolution.

The daily lie I X10830 spectroheliograms were analyzed from 1975-1984 for the two
selected periods of each year within a radius vector of <0.4 from the Sun's center. This
distance restriction allowed the more accurate determination of the characteristics of the
underlying magnetic field without significant geometric effects entering into the results.
lie I structures were selected as 'dark points' if their intensity was darker (by 10-15%)
relative to the surrounding network and their size was 5-30 arc-sec. In comparing the
locations of the He I dark points with the magnetic field observations, 13% were found
to occur in a filament channel and are possibly small fragment of filament or they were
co-spatial with unipolar network (though a new bipole may have emerged in the approxi-
mately 1-1.5 hour period between the magnetic field and lie I observation). 87c, of the
identified lie I 'dark points' were associated with small bipoles. 37c of these were at

the locations of ephemeral regions. this is somewhat less than the -50'C overlap found

between XBP anti ER by Golub e al. (1977) and considerably less than the 100c associ-
ation found by 'rang et al. (1982) for a small sample (2) of bright points observed in C
IV. The remaining 63, of the dark points observed in X10830 corresponded with bipo-

lar regions that appear to be the 'chance' encounter of existing network of opposite

polarities, such as illustrated in Figure 1.

The number of the lie I 'dark points', plotted from 1976 to 1981 in Figure 5, shows

a temporal variation similar to the X-ray bright point counts during the rise of the
current solar cycle (Figire 6). But, while the decrease in dark point counts is consistent
with what has been found for X-ray bright points (I)avis, 1983). the magnitude of the

decrease from 1976 to 1979-80 in the dark point counts is less than is seen in the X-ray

data. This suggests that we may not be detecting or identifying all of the lie I struc-
tures that correspond to X-ray bright points. This may bc due in part to the array of

chromospheric structures visible in lie 1 10830 confusing the identification of these X-ray
bright point counterparts anti to the fact that no information is available on the details

of the evolution of these features. In light of this the question then arises as to how reli-

able is the result of the predominate association of dark points with identified 'chance'
encounters of existing flux. The answer was pursued in three ways: (I) investigating the
characteristics of the lIe I X10830 structures associated with the sample of ephemeral

regions to determine if 'dark points' are being missed, (2) a re-analysis of the
identification of ephemeral regions in a comparison of X-ray ani magnetic field data in
Fig. I of (;olub el al. (1977, p. 114), and (3) the study of a time-sequence set of simul-
taneously obtained lie I X 10830 and photospheric magnetic field data of the quiet sun.

To ascertain if some dark points are being missed (particularly in association with
ephemeral regions), the intensity characteristics of the lIe I X10830 structures
corresponding to ephemeral regions were examined. Five intensity levels were set and

determine(] relative to the surrounding network, as follows: (1) dark point, (2) darker, (3)
same, (4) lighter and (5) none. The results are shown in Table Ii.
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Table 11

Intensity of ER-Associated He I Structures

Intensity Level Number of ER % of ER -

dark point 252 16.6 (7, 0

darker 386 25.5

same 659 43.5
lighter 127 8.4
none 91 6.0

I

Though the distribution in intensity is skewed toward the darker intensities, 58%,(. of the
ephemeral regions have no recognizable structure in Ife I X10830 that distinguishes it

from the quiet sun network, i.e., the associated He I structures have the same or lighter
intensity as the surrounding network. It appears then that in this data many ephemeral
regions are not associated with He I dark points or structures and that (lark points asso-
ciated with ER in the quiet sun are not being missed. No similar analysis has been done
for Hie I structures overlying bipoles thought to be 'chance encounters' of flux.

The association of X-ray bright points with 'chance' encounters and ER has also

been assessed by re-exarmining the identification of ephemeral regions made by Golub et
al.'s (1977. Figure 1, p. 11I) . The 40-channel NSO magnetograms from 20 and 21 p
August 1973 were compared using the same criteria for the identification of ER used ear-

lier in this study. In Figure 7, most of the bipolar regions associated with X-ray bright.

points are circled in both the X-ray and magnetic field images. Those regions that are
considered as 'chance' encounters of existing opposite polarity network are indicated by
an adjacent arrow. .1 *1i, of the bipolar magnetic structures accompanied by an XBP fall

into this category. Those regions without an arrow are identified as ephemeral regions
that have emerged since the observation on or before 20 August.

Though no simultaneous observations are available of the evolution of the magnetic
bipoles underlying coronal bright points, Golub et al. (1977) presented convincing argu-
ments that X-ray bright points were associated with emerging ephemeral regions based
on their similar scale, lifetimes, latitude distributions and evolution. In this current P
study, the identification of a bipole as being an 'chance' encounter of existing network

flux rather than newly emerged flux rests on the interpretation of the motions of the
pattern of magnetic flux seen on once-per-day magnetograms. To resolve the
discrepancy between the results of these two studies requires simultaneous observations
of the development and evolution of the magnetic region and the overlying corona. In
an effort to accomplish this, observations in an area of the quiet sun were made over a
several hour period for three (lays in October 1983. lie I X10830, used as an X-ray/EUTV
proxy, were made by the National Solar Observatory's 512-channel magnetograph at the
Vacuum Telescope on Kitt Peak; photospheric magnetograms were obtained with the
video magnetograph at Rig Rear Solar Observatory. Figure 8 shows a section of the

data obtained on 11 October 1993 illustrating (1) the development of lie I 'dark points'
in association with the encounter of apparently unrelated but existing opposite polarity
network and (2) the change in lie I structures accompanying the emergence of an ephem-
eral region. In the first case, a negative (black) pole, located in the lower part of the
area shown, contracted in area and moved toward the nearby positive pole. Connecting
fibrils are obvicus in the fia filtergrams at 2013 uT. By 2056 UT, the two poles are
adjacent. Later observation- show an apparent weakening of the negative pole. Accom-
panving the convergence of these two opposite polarity poles is the development of a
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dark 'point' in He 1 10830 around 1844 UT, positioned between the two poles. Fluctua-
tions in intensity of this He I structure occurred throughout the rest of the observt ions.

In the upper left quadrant of the area shown in Figure 8, a new small bipolar region
first became visible in the magnetic field observations at 1819 LUT. During the separa-
tion of the emerging region's poles, the positive component merged with network of same
polarity. The region's total magnetic flux (()) measured at 2143 UT is 3 .3U10 19 Mx,
though at this time the region's flux appears to be significantly out of balance (the ratio
of (b+ to 4 is 5). In He 1 10830, a minor and short-lived darkening occurred at 1930 ViT
followed by a flare-like darkening just north of the new region from 2013-20,:3 LiT. .\t
2111 UT, a more extensive enhancement in He I took place between the region's two
well-separated poles simultaneously with the development of an arch filament system
seen in Ila.

Many examples in these data point to the occurrence of lie I 'dark points' with the
approach and sometimes merging of opposite polarity network. The enhancements show
a wide variety of behavior from short-lived, flare-like darkenings to slow, but steady or
%:riable increases in the lie I X10830 intensity. The ratio of dark points associated with
chance' encounters of network and those associated with emerging bipoles has not yet
been determined for this data set, but, the approach and merging of flux appears to be a
more common occurrence than the development of a ephemeral region. This has also
been found in a study of the dynamics of the quiet sun magnetic fields by Martin et al.
19,s). They find that two-thirds of the bipoles are explained by the converging motion
of opposite polarity network and one-third results from the emergence of new flux.

5. He I Dark Points and Ephemeral Regions in
Coronal Holes and High Speed Solar Wind Streams

I):tis and Icieger (1980. 1982) found a correlation between the areal density of X-ray
bright points observed in coronal holes and the density (and velocity) in the coronal
hole-associated high speed streams in the solar wind. Recent theoretical work has also
, gg eted that the emergence of small bipoles may play an important role in the

acceleration of the solar wind in coronal holes (Akasofu, 1982: Pneuman, 1983). The lie
I 108:30 andi ephemeral region data used in this study provides the opportunity to test
this correlation for a large sample of coronal holes observed during this cycle.

1.I. A\SSOCIATION IN CORONAL 1tOLES

Coronal holes are easily identified in the 10830 Ie I spectroheliogramns as brighter than
quiet sun areas that show little or no network and have a predominately unipolar mag-
netic fields. A total of 01 coronal holes were selected from 1975 to 1981: 12 coronal holes
had latitudes of <25' and 19 were >25 . Counts of lie I 'dark points' and ephemeral
regions were made during the three days of the central meridian passage of the (1-
coronal holes. In Figure 9. the number of lie I lark points per 1010 km2 within the
boundaries of the coronal holes has been plotted as a function of time. \Wbile there is a"
large variation in the areal density between individual coronal holes occurring for any
given period, in general, the (lark point counts in coronal holes vary anti-correlated with
the solar cycle as is observed in the quiet sun. The curve shows a larger magnitude in
change of the dark point numbers from sunspot minimum to maximum than is seen in
the quiet sun (lark point counts. Since (lark points can be seen in coronal holes without
the interference of chromospheric network, the larger variation in areal densities suggests
that the identification of (lark points in the quiet sun is influenced by the existence a nd
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variability of He I network. A similar plot of the areal density of ephemeral regions in
coronal holes shows a large scatter, but a variation in phase with the solar cycle cormpar-
able to the counts of ER over the entire sun during the same period.

The areal density of dark points and ephemeral regions has been compared with tile
absolute value of the average magnetic field strengths in 18 of the coronal holes meas-

10ured by Harvey et aL. (1982). The ephemeral region counts per 10 km- show little (or
perhaps a slight increase) with increasing coronal hole field strength. The number of
dark points, however, decreases substantially at field strengths above 5G, then remains
relatively level with increasing field strengths over 5G. All of the coronal holes with field
strengths >5G occurred after mid-1978. P

The locations of the lie I dark points within coronal holes have been compared with|
the magnetic field data. All of the (lark points in coronal holes were associated with
bipolar structures. For coronal holes with latitudes <20 ° , 23q of the dark points were
associated with ephemeral regions; 70% of the ephemeral regions corresponded to the
locations of dark points. For coronal holes with latitudes <10' , the percentages change
only slightly; 21% of the dark points were associated with ephemeral regions while 82%i,
of the ER were associated with dark points. -70C' of the ephemeral regions were asso-
ciated with He 1 10830 dark points. A comparison with the statistics for the quiet sun
averaged over the 1975-198.1 period is shown in Table 1Il.

Table Ill

Association of Dark Points (DP) and Ephemeral Regions (ER)

" DP---ER 'C, ER--DP %DP--bipole not ER

Coronal Hole 23 70 77

Quiet Sun 37' 40% 3%.

This comparison suggests that the visibility of He I dark points associated with ephem-
eral regions is influenced by the X10830 network, but that regardless of the surroundings
two-thirds or more of the (lark points are associated with bipolar structures interpreted
as resulting from the chance encounter of existing opposite polarity network.

5.2. .- SSOCIATiON WITH HI1GH SPEED SOLAR WIND SR.\I

The solar wind data published in the Interplanetary Medium Data Book (King, 1979,
1983) and in Solar Geophysical Data was used to identify the high speed solar wind
streams associated with the (1 selected coronal holes. The high speed streams associated
with coronal holes are recognized by an initial rapid increase then decrease in density (a . -

compression front) followed by a slower increase in velocity and temperature. The onset
of the stream was taken at the time of the density increase and its end when the velocity
decreased to previous levels or reached a minimum. Solar wind data was available in
these two sources through September 1982 for a several (lay period following the central
meridian passage (. MP) or 31 of these 61 coronal holes. F"or 5 of the coronal holes, no
high speed stream could be detected in the 6 days after the the hole's central meridian
passage. The peak and average (over the stream) values of bulk velocity (V , V ), den-
ite. (ppap), and temperature (T', T.) of the high speed streams were comared with

the areal density of (lark points and ephemeral regions determined for the 29 associated
coronal holes. The results are shown in Figures II, 12 and 13.
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For each of the comparisons, a straight line of the form Y =A +bx has b)eeni fitted
to the data using the bevington least squares routine; NY is the solar wind parameter. A
and b are constants determined by a fit to the data, and x the areal density of dark
points (DP) or ephemeral regions (ER) within the boundaries of the associated coronal
hole. Shown in Table IV are the determined correlation coefficient (r) compared with
rab, , the absolute value of a correlation coefficient for n-2 degrees or freedom and 2 vari-
ables (taken from Table 7, Statistics Manual by E. Crow, F. A. Datvis. and Maxfield.
M.W., 1960, p. 2-11). If Inl > rab. , the two considered parameters are correlated at a
95'e con1fidence level.

Table IV

Dark Point (DP) and Ephemeral Region (ER) Correlation

with igh Speed Solar Windr Stream Parameters

Coronal Holes all Latitudes Coronal Hloles of Latituides <25

r rabe Correlated r rab. (orrelated

\-DP 0. 35 6 < 0.367 n o 0.437 0 1:33
\P - )[1 0.1$28 > 0.367 yes 0.600 > 0. 1:133 V

P -)P 0.390 > 0.381 .0.362 < 0.156 110
P -- DP 0.312 < 0.37 1 no 0. 205 < 0.11$ Uo

-DP 0.373 0.3741 0.529 > 0.411
1) -D) 0.465 > 0.37.4 Yes 0.5 16S > 0.11 Yes.

\ I H -0.060 < 0.367 no -0.129 < 0.433 1
F II? -0.110 < 0.367 no -0.372 < 0. 13:3 t
r, 1 0. 165 < 0.381 no 0.3 10 < 0.456 no0

P IFI? 0.152 < 0.371 no0 0.398 0.O11 n o
FI R 0.151 < 0.371 n o 0.256 < 0.t t1 Ito

TP [,H 0.117 < 0.37$- n o 0.106 < 0.1-11 tno

I'i In (j14ion for a least squares fit bet ween the high speed o- eai parL et er t hat are
correlated with the areal density of (lark points are shown below along wit h th (T's for
t he constants A and b:

For coronal holes at all latitudes,

\Nvragle velocity (kmi V1 = 155 8+ I3.,3x[I) {r:%±2().0 r ((
Averaige temiperatiire (x103 1\): I = 941.0 + 12.OxDP' (7:\=± .u ±1.

For coronal holes wit h latitudes <25

X verage ,veloc)ItY (kin s-) V 48' + 2 1.3.xDP (1r,,±2 1.7 7.-
PeA1 temnpera t ire (\ I0 ) ' =228.5 + 31 .(9xDP a %±1. ±1.

Xeratge tec in perat iire (x 103 K): TP= 92.9) + 15).9xDP (T . 161.3 7 ±:.

A



-22-

C.~

O-j

ND U

I t~-w

I.- co
Z

It o 0 0
o 0 

~3~v~n% ZLId±9~ .~SfSOZiVO



* . .-- .- . - - - - - - - .: - . ,-.- -, - - .- -; -. -. .- -. . . .---- --- --- --- -.- 
-. .-. , -.- --.-. .

Number of X-ray Bright Points "-

--4-

---

-0 --- . -'"

*

- ..

I--

* I"
.. "

*''2

* k.

* .l N O ( l , ( " .. ,lli -.

"-70-]

~1i' 0



-20-

ISO-

100-

1983-84
so-

mc 200-

S 150-

-~ 1979-80

A-

100-

1975-76
50-

-I 0

Sine Latitude

Figure 4



-'9-

Figure 3

(From Tang et a!., Solar Phys. 91, 75)
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filament system (Ha) and a darkening in He I M10830 late in this observational
sequence. In the lower portion of the pictures, two opposite polarity network ele-
ments approach each other and merge. A loop connecting them can been seen in
Ha at 2013 UT along with a He I 'dark point', which fluctuates substantially in
intensity.

Fig. 9 - Areal density of He I X10830 'dark points' within the boundaries of coronal
holes as a function of time. To avoid confusion in this graph, no error bars are
shown.

Fig. 10 - Areal density of ephemeral regions (bottom) and He I X10830 'dark points'
(top) within the boundaries of coronal holes as a function of the coronal hole's aver-
age magnetic field strength. Vertical lines indicate estimated errors.

Fig. 11 - Area density within coronal holes of ephemeral regions (left) and He I
dark points (right) as a function of the average (bottom) and peak (top) bulk velo-
city of the associated high-speed solar wind stream. Data from 1975-77 and 1982 is
indicated byOand from 1978-1981 by *.

Figure 12 - Area density within coronal holes of ephemeral regions (12a) and He I
dark points (12b) as a function of the average (bottom) and peak (top) density of
the associated high-speed solar wind stream. Data from 1975-77 and 1982 is indi-
cated by and from 1978-1981 by *.

Figure 13 - Area density within coronal holes of ephemeral regions (13a) and He I
dark points (13b) as a function of the average (bottom) and peak (top) temperature
of the associated high-speed solar wind stream. Data from 1975-77 and 1982 is indi-
cated byOand from 1978-1981 by *.

Figure 14 - Plot of the area of mixed polarity on the Sun between +60 latitude
compared with the sunspot number (from Giovanelli, Solar Phys 77, 27).

Figure 15 - Plot of the area of mixed polarity on the Sun between ±60°* latitude
(from Giovanelli, Solar Phys 77, 27), compared with the number of X-ray bright
points (from Davis, Solar Phpv 88, 337).

. .. .

Vt ~ ................................................... . . . ...............
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Figure Captions

Fig. I Sections of the full disk photospheric magnetograms and He I X10830 spec-
trheliograms from two successive days, 9 and 10 August 1978, showing the
identifications of newly emerged flux (L-I) and of encounters of existing opposite
polarity network (W -4).

Fig. 2 Number of ER on the Sun at any given time from 1970 through mid-198-1.
Estimated errors are indicated by vertical lines. 40-channel data (o); 512-channel
data, high gain (+) and low gain (x). The number of ER are compared in Figure 2a
with the sunspot number (Q) for the same time periods as considered for the ER and

in Figure 2b with the total magnetic flux (C) on the Sun. The sunspot data is from
Solar Geophysical Data and the total flux (10 I + 1 1) has been determined from

the synoptic magnetic field observations constructed for each Carrington rotation of
the Sun from the daily magnetic field observations. No correction has been made
for saturation in sunspots or for foreshortening toward the poles.

Fig. 3 - The number of active regions of a given size and greater as a function of
size (from Tang et at., Solar Phys. 91, 75). If ephemeral regions are small active
regions, the circle (e) indicates the expected number of ER and all active regions of
greater size. Subtracting off the active regions yields 2x10 3 ER. The circle (-) is the
number of ER estimated from Figure 2 assuming an average ER lifetime of 12 hours
and the * is the number of ER assuming an average ER lifetime of 18 hours.

Fig. 4 - The latitude distribution of observed ephemeral regions during three phases
of the current solar cycle. Vertical lines indicate estimated errors. A uniform distri-
bution curve (*) has been determined by application of the visibility function to the

number of ER observed between +.A and -. 1 in sine latitude.average nme f1

Fig. 5 Areal density of lie I X10830 'dark points' ) in quiet sun areas within a
radius vector of 0.1 as a function of time and compared with counts of X-ray bright
points (*).

Fig. 6 Variation of X-ray bright points from 1970 to 1981 compared with sunspot
numbers (from )avis, J.M.: 1983, Solar Phys. 88, 337).

Fig. 7 Comparison of a soft X-ray image of an area of the sun and the correspond-
ing photospheric magnetic fields (from Golub et at., 1977, Figure 1, p. 114). The
re-analysis of the identification of ephemeral regions has been made using the full
disk nmagnetograms from 20 and 21 August 1973. Ephemeral regions that emerged
since 20 August are indicated by a circle; 'chance' encounters of opposite polarity
network flux are indicated by an adjacent arrow.

Fig. 8 A time sequence of Ha filtergrams, the photospheric magnetic fields and Ile
I X10830 spectroheliograms of an area of quiet sun. The concentric alternating pat-
tern of black and white in the magnetic field observations indicate saturation in the
data; the polarity is defined by the outermost color. An ephemeral region can be
seen emerging in the upper portion of pictures and is associated with an arch
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high speed stream parameters during the period of cycle minimum may be a consequence
of the more stable and longer-lived coronal holes that are present at that time compared
to the less stable and more active conditions as the cycle develops.

While this result is statistical, it may be that by following individual coronal holes
and the associated high speed solar wind streams over their lifetime could yield a better
correlation between dark point counts (and ephemeral regions) and high speed stream
parameters (as was reported by Davis and Krieger (1980, 1982) for the coronal holes
observed during 1973). This has not done as part of this analysis, but will be followed
up at a later date.
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magnetic bipoles resulting from the encounters of existing flux can only be done reliabil-
ity with time sequence data. The probability of a 'chance' encounter taking place
between network of opposite polarity, however, depends on the degree of mixing between
the positive and negative fields, i.e., the area of mixed polarity on the Sun. Giovanelli
(1982) has measured the fractional area of mixed polarities on the Sun between the lati-
tudes ±60 ° from 1972 to 1981. His results are shown in Figure 14 in comparison with
the sunspot numbers. As can be seen from this graph, the area of mixed polarity varies
inversely with the solar cycle. When the number of X-ray Bright Points are added to
this plot (Figure 15), we find a good correlation between the variation of XBP and the
area of mixed polarity. This suggests that the anti-correlation of He I dark points' and
XBP with the sunspot cycle may indeed be explained by a close association with 'chance'
encounters of existing network of opposity polarities.

3. An association was found between the areal density of He I dark points in coronal
holes with the solar cycle and with the average magnetic field strength of the coronal
holes. Harvey et al. (1982) has suggested that the increase of the magnetic field
strengths in coronal holes after mid-1978 is due to the general increase in magnetic flux
levels on the Sun with the increased emergence of active regions (AR) during the rise of
the solar cycle. With the increased production of active regions, particularly in AR com-
plexes, coronal holes are more subject to change in size, shape, position and magnetic
flux densities (supplied by the remnants of old active regions). During minimum, with
the activity level much reduced, coronal holes evolve more slowly. Davis (1984) has
found that the X-ray bright point counts per unit area in three low latitude coronal
holes observed during 1973 increased as the coronal hole aged. At the coronal holes' for-
mation, the XBP areal densities within the their boundaries were also at about the same
level as in the nearby quiet sun.

These two studies suggest that the correlation of the dark point areal densities in
coronal holes with the magnetic field strength of the coronal hole (and therefore with the
solar cycle) may be explained by the evolution and history of the coronal holes. For
example, during high levels of activity in the solar cycle, coronal holes are changing
significantly from one rotation to the next due to the influences of nearby active regions,
rather than by the decay as the magnetic fields disperse by random motions and
differential rotation. The dark point (and XBP) counts, therefore, may be lower such as
in the newly formed coronal holes discussed by Davis (1984). At minimum or extended
periods of low activity, the coronal holes decay 'normally', their field strengths
decreased, the production of dark points and X-ray bright points increases. Such an
explanation suggests that the increase of dark point, counts in 1982 (Figure 5) would
correspond to an overall decrease in the coronal hole field strengths.

4. A correlation is suggested between the areal densities of dark points and of ephemeral
regions in coronal holes (determined during their central meridian passage) and some of
the parameters of the associated high speed streams in the solar wind. This relation
appears to vary with the solar cycle. For example, over the solar cycle , the average
velocity and the peak and average temperature observed in the high speed stream
appears related to the counts of dark points; no similar correlation was found with
ephemeral region counts. But in comparisons of the data between the periods of solar

minimum and lower actiity (1975-1977, 1982) to the more active periods (1978-1981),
higher correlation coefficients are found during the minimum activity years than for sun-

spot maximum years. This is particularly true for the ephemeral region counts which
appear to be fairly well correlated with the velocity, density and temperature of the high
speed streams. The better association between ephemeral regions andi (lark points with

: - -:/ ~.. ..-. ....................-.......-.....-..................,...........,.-...........-... . . . ... .
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Cycle Minimum Years (1975-77, 1982)

Temperature (xl03 O K): Tp= 78.4 + 59.8xDP aA=±76.8 b=±20 9

T= 73.2 + 17.8xDP OA=±29.0 ob-± 7.9

Velocity (km s-}: V =425.0 + 175.OxER =A==±55.3 2b=+49.1
P=450.6 + 76.2xER UA=±31.1 ob=+27.6

Density (cc): pp= -5.4 + 31.9xER oAr±13.1 ab±l1.4

Temperature (x10 3  K): Tp= 91.5 + 181.7xER A=±t65.0 ab=±56.5
TP= 73.2 + 57.7xER aA=± 2 4 .0 obr=±20.9

aAb
Cycle Maximum Years (1978-1981)

Density (cc- 1): pp =6.7 + 7.6xER OrA=±5 4  ob=± 3 .2

p p=4.4 + 2.3xER A=±1.8 ab=±I.l

This analysis suggests that there is a relation between the areal density of (lark
points and ephemeral regions and some of the selected parameters of solar wind streams.
A better correlation between these parameters is found (luring the period of solar cycle
minimum than during maximum. For entire data set from 1975-1981, the (lark point
counts measured during a coronal hole's central meridian passage are a slightly more
significant parameter than ephemeral regions; during cycle minimum, however, the
counts of ephemeral regions in coronal holes tend to be better correlated with the high
speed solar wind stream parameters than dark points.

". Conclusions

This study of ephemeral regions and their association with lie I X10830 dark points sug-
gests the following conclusions:

1. The occurrence of ER varies nearly in phase with the solar cycle with the minimum
preceding sunspot minimum by at. least one year and coinciding with (he miniimuin in
the Sun's total observed magnetic flux. The increase by only a factor of two from
minimum to maximum in the number of ER and the total number of 1RI (:W-1. 7l() )

estimated to emerge during a solar cycle indicates that these small-scale regions' are not
small active regions. It does support the idea that ephemeral regions are primntrily a ,ur-
face phenomenon perhaps resulting from convective twisting of sub-photoplieric quiet
sun magnetic fields as has been suggested by Piddington (1979a. 1978b). In 'ucl a caSe.
the variation of the number, of ER over the solar cycle are closely related to the change-
in the total magnetic flux on the Sun from the dispersed fiels of old act ive regions ;0
the solar cycle develops and to the spatial pattern of those fields.

2. Almost 90% of the dark points observed in lie I X10830 were associated with small
hipoles. It has also been for id that, the inmber of dark points varie%; anti-correlated to
the solar cycle. The high a ociation with magnetic bipoles and the observed variation

(luring the solar cycle supports the premise that lie I dark points correspond t( \-ray
bright points. The observations suggest that lie I 'dark points' and, therefore, X|1,!
occur with the emergence of some F.R. but more often with the encounter of existing net-
work flux of opposite polarities. 'his is true both in the quiet sun, though there is some
question that some (lark points are not being detected, and in coronal holes, where there
is little confusion with the chromospheric network and structures. The determination of

• .--,•. .a.2•. - .•_. . . .. .. .. . . ..........
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The correlation between velocity and the dark point counts appears to confirm the
results of Davis and Krieger (1980, 1982), but their finding of and association between
density in high speed streams and the areal density of X-ray bright points is not sub-
stantiated with the dark point data. No correlation was found between ephemeral
region counts in coronal holes and the high speed stream parameters.

Because the nature or coronal holes changes from the sunspot minimum to sunspot
maximum years, the coronal hole data and associated high speed stream data was
divided into two subsets: (1) 1975-1977 and 1982, and (2) 1978-1981. The correlation
between the high speed solar wind stream parameters and the associated coronal hole
(lark point and ephemeral region areal densities is shown in Table V between thes two
periods.

Table V

Dark Point (DP) and Ephemeral Region (ER) Correlation
with High Speed Solar Wind Stream Parameters

for the Sunspot Minimum and Sunspot Maximum Years

Coronal Holes 1975-1977, 1982 Coronal Holes 1978-1981

r rub. Correlated r rabe Correlated

V -DP 0.427 < 0.514 no -0.042 < 0.497 no
VP -DP 0.512 - 0.51.1 0.029 < 0.497 no
pa-DP 0.360 < 0.532 no -0.060 < 0.514 no

p-.DP 0.531 - 0.532 ? -0.025 < 0.514 no
T -. DP 0.671 > 0.532 yes -0.031 < 0.514 no
T P--DP 0.580 > 0.533 yes 0.300 < 0.514 noa

V -- ER 0.732 > 0.514 yes -0.40.1 < 0.497 no
VP-ER 0.6410 > 0.514 yes -0.469 < 0.497 no

p --ER 0.664 > 0.532 yes 0.563 > 0.514 yes
p a-ER 0.521 < 0.532 no 0.534 > 0.51.1 yes
T -- ER 0.713 > 0.532 yes 0.268 < 0.514 no
T ---ER 0.658 > 0.532 yes 0.150 < 0.511 no

ha

Based on this tablc, there appears to be a difference in the association of high speed
stream parameters and the areal density of dark points and ephemeral regions in coronal
holes between the low and high activity years. "or almost. all of the comparisons, the
correlation coefficients are higher between the considered parameters (luring the cycle
minimum years, when the coronal holes are longer lived and more stable, than the
coefficients during the higher sunspot activity years. The correlation between the aver-
age velocity in high speed streams and the dark points counts seen for the entire data
set is now marginal in this division of the data; a marginal correlation is now found
between the dark points and the average density in high speed streams. The equations
between the correlated parameters are listed below:

. . .." . . .
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Figure 14
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